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In this chapter we analyze the prevalence of arthritis and its progress
over the lifecycle among Union Army veterans. We also compare patterns
in arthritis among Union Army veterans with those among adult white
males during the last quarter of the twentieth century.
The disease and its symptoms are described in section 2.2. Section 2.3
describes the data used to calculate the prevalence rates, and the results of
our calculations are shown in section 2.4. Section 2.5 discusses factors that
could aﬀect the probability of having arthritis and the time survived with
this disease. Section 2.6 summarizes our conclusions.
2.2 A Brief History of the Classiﬁcations and Treatment of Arthritis
Arthritis1 is deﬁned as a deforming disease of the joints, regarded by




Changes in Its Prevalence 
during the Nineteenth and
Twentieth Centuries
Paula Canavese and Robert W. Fogel
Paula Canavese received a Ph.D. in economics from the University of Chicago in 2005 and
is currently a Manager at Deloitte Tax LLP. Robert W. Fogel is director of the Center for Pop-
ulation Economics and Charles R. Walgreen Distinguished Service Professor, Graduate
School of Business at the University of Chicago, and a research associate of the National Bu-
reau of Economic Research.
This work is part of the NBER Project on Disability, which is supported by National Insti-
tute on Aging grants P30 AG12810 and R01 AG19805, and the Mary Woodard Lasker Char-
itable Trust and Michael E. DeBakey Foundation. The views expressed are those of the
authors and not necessarily those of the Center for Population Economics. We would like to
thank Claudia Linares for help in arranging the Surgeon’s Certiﬁcates data and other CPE
members for helpful comments. This work was supported by the National Institutes of Health
under program project grant P01 AG10120.
1. From the Greek arthron, meaning “joint.”
2. The terms rheumatismand rheumatic diseasesare still sometimes used to describe a range
of diﬀerent conditions that aﬀect the muscles, tendons, and other nonjoint tissues of the body.by destructive changes in the cartilage and bone and by bony outgrowths
restricting the motion of the joint.
The ﬁrst written reference to arthritis was in 123 AD in a text from India
called Caraka Samhita, which describes a disease where swollen, painful
joints initially occur in the hands and feet, then spread to the body, caus-
ing loss of appetite, and occasionally fever (Underwood 2000).
In thirteenth century Europe any joint ailment was called gutta3 for a
noxious humor falling drop by drop into the joint. Gout and gouty diathe-
sis were used as broadly as the term arthritis is used today (Kiple 1993).
Physicians such as Sydenham (1633), Musgrave (1763), Haller (1764),
and de Sauvages (1768) alluded to the characteristic changes in the bone
due to arthritis deformans, but the ﬁrst correct description was read by
Landre Beauvais before the Paris Academy of Medicine in 1800, under the
name “Goute Asthenique Primitive.” William Heberden, Sr. (1710–1801)
of England was, however, the ﬁrst to recognize its true clinical position as
a condition distinct from gout. John Haygarth’s 1805 paper, “Nodosity of
the Joints,” describes the disease clinically, and he remarked upon the pe-
culiar incidence of its occurrence among women (Kiple 1993).
In 1891, Arbuthnot Lane attached much importance to mechanical wear
and tear in the production of lesions. In 1897, James Stewart of Montreal
read a paper supporting an infectious origin of the disease before the Sec-
tion of Medicine of the British Medical Association. In 1951 Guillaume 
de Baillou, a French physician and dean of the University of Paris medical
faculty, wrote one of the ﬁrst books on arthritis, using the term rheumatism
to describe a condition characterized by inﬂammation, soreness, stiﬀness in
the muscles, and pain in and around the joints (Underwood 2000).
In 1680 doctors began treating rheumatism with a Peruvian bark that
contains the antimalarial agent quinine. In 1763, another weapon was
found to ﬁght rheumatism: willow bark, which contains salicylate, the ac-
tive ingredient in aspirin.4 Still another drug emerged in 1929 when peri-
odic injections of gold salts were ﬁrst used to relieve muscle pain (Under-
wood 2000).
The ﬁrst autoimmune theory of arthritis was introduced in 1939. Sir Mc-
Farlane Burnet, head of the Research Institute of Melbourne, Australia,
found that autoimmunity, the process by which the body’s defense system
malfunctions and attacks its own tissues, causes many arthritic conditions.
The development of x-rays in 1895, the surgical pin5in 1907, and the ball
and cup artiﬁcial hip joint in 1931 led to the formation of the American
Academy of Orthopedic Surgeons in 1933 (Underwood 2000).
It was not until 1859 that rheumatoid arthritis gained its own classiﬁca-
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3. From the Latin, meaning “a drop.”
4. The Bayer Company took the willow bark treatment one step further in 1897, manufac-
turing acetylsalicylic acid, better known as aspirin.
5. Used as a bone screw.tion, when Sir Alfred Garrod, a London physician, coined the clinical term
rheumatoid arthritis (Underwood 2000). Rheumatoid arthritis is an in-
ﬂammatory disease that causes pain, swelling, stiﬀness, and loss of func-
tion in the joints. It has several special features that make it diﬀerent from
other kinds of arthritis. For example, rheumatoid arthritis generally occurs
in a symmetrical pattern. This means that if one knee or hand is aﬄicted,
the other is also. The disease often aﬀects the wrist joints and the ﬁnger
joints closest to the hand, but can also aﬀect other parts of the body. Some
remissions do occur, but the illness progresses to produce permanent dam-
age and deformity. Rheumatoid arthritis occurs in all races and ethnic
groups. It often begins in middle age and occurs with increased frequency
in older people (NIAMS 1998).
Osteoarthritis6was commonly used as a synonym for rheumatoid arthri-
tis beginning in the 1860s. A clear distinction between the two ailments be-
gan to emerge at the turn of the century with the development of x-rays. In
1904, Boston physician Joel E. Goldthwait described diﬀerences revealed
by x-rays. Osteoarthritis is a joint disease that mostly aﬀects the cartilage,
which is the slippery tissue that covers the ends of bones in a joint. With
this disease, the surface layer of the cartilage breaks down and wears away.
This allows bones under the cartilage to rub together, causing pain,
swelling, and loss of motion of the joint. Today, osteoarthritis is the most
common type of arthritis, especially among older people, and one of the
most frequent causes of disability among adults (NIAMS 2002).
Migratory arthritis refers to pain and swelling in a speciﬁc joint that has
a fairly rapid onset, disappears in the course of twenty-four or thirty-six
hours, and then is followed by similar symptoms elsewhere that are usually
asymmetric (Barth 1997).
2.2.1 The Diagnosis of Arthritis
Arthritis is very diﬃcult to diagnose in its early stages, for several reasons.
First, there is no single test for the disease. Second, symptoms diﬀer from
person to person and can be more severe in some people than in others.
Third, the full range of symptoms develops over time, and only a few symp-
toms may be present in the early stages. As a result, doctors use a variety 
of tools to diagnose the disease and to rule out other conditions. These tools
include the medical history (the patient’s description of symptoms and
when and how they began), physical examination, laboratory tests, and 
x-rays.
The method used to diagnose arthritis has not changed much in history.7
The appearance of x-rays and the development of laboratory tests such as
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6. From the Greek osteon, meaning “bone.”
7. Since the method of diagnosing arthritis has not changed much over time, comparing
prevalence rates for this disease at diﬀerent points in time seems plausible.blood tests have only helped to make a distinction between diﬀerent kinds
of arthritis. The most important tool for the diagnosis of arthritis, however,
has always been the medical history.
The history probably provides 80 percent of the necessary information,
whereas the physical examination provides 15 percent, and laboratory tests
and x-rays, 5 percent. Moreover, the history inﬂuences many of the deci-
sions to order laboratory tests and x-rays. The type of symptom onset is
highly informative. The history may also reveal the presence of morning
stiﬀness, a common symptom in many patients with rheumatic complaints.
The duration and extent of morning stiﬀness are helpful guides to the de-
gree of inﬂammation that may be involved. For example, in cases of
rheumatoid arthritis, morning stiﬀness typically extends for several hours,
aﬀects the whole body, and is associated with afternoon fatigue. In cases of
noninﬂammatory joint problems such as osteoarthritis, morning stiﬀness
may be brief and is usually limited to the aﬀected joint (Barth 1997).
In a physical examination, helpful points of diﬀerentiation include the
number of joints involved, their location, and, when multiple joints are in-
volved, whether they are symmetric or asymmetric. The duration of symp-
toms and changes over time are important considerations. Age and gender
should be noted in the oﬃce evaluation because they can provide clues to
rheumatic diseases seen more frequently in one age or gender group than
another.
Classic signs and symptoms that can be readily diagnosed by the primary
care physician accompany many musculoskeletal complaints. Others are
much less obvious: in the oﬃce evaluation of patients with musculoskele-
tal complaints, the least helpful elements are laboratory tests. Although
available tests are sensitive to the presence of rheumatic diseases, they are
not speciﬁc for any of them. Thus, the most commonly used laboratory
tests for rheumatic diseases should be considered helpful but not diagnos-
tic. They must be ordered and interpreted in the context of the history and
the physical examination ﬁndings (Barth 1997).
X-rays for a new joint complaint are helpful only in certain situations.
They show bone best, but they are less helpful in showing changes in soft
tissue. It may take a long time for some symptoms to cause erosion visible
by conventional radiography.
Scientists do not yet know what causes the disease, but they suspect a
combination of factors, including being overweight, aging, joint injury,
stresses on the joints from certain jobs and sport activities, and environ-
mental factors. Also, scientists have found that certain genes that play a
role in the immune system are associated with a tendency to develop cer-
tain kinds of arthritis. Thus, an infection followed by an altered or sus-
tained immunologic response could be instrumental for development of
the disease (NIAMS 1998, 2002).
Patients with infectious arthritis frequently have underlying conditions
58 Paula Canavese and Robert W. Fogelsuch as neoplasia, liver disease, and chronic renal failure. Migratory arthri-
tis is most common in patients with viral diseases, acute rheumatic fever,
and bacterial endocarditis. Other symptoms of arthritis could be psoriasis,
Reiter’s syndrome, and inﬂammatory bowel disease. These conditions can
cause inﬂammation of the joints. Another related disease is gout. Arthritis
patients are often diagnosed as also having gout (Barth 1997).
2.3 Data
We have used three diﬀerent samples to explore the evolution of the
prevalence for arthritis among the U.S. population from the late nineteenth
century to today.
To calculate prevalence rates during the late nineteenth century and the
beginning of the twentieth century, we have used the data in the Surgeon’s
Certiﬁcates. This dataset contains 87,223 medical exam records from 1862
to 1940 for 17,721 Union Army pensioners with a documented birthdate
(Fogel 2000, 2001). Each Civil War veteran received a thorough medical
examination when he originally applied for a pension and every time he
asked for an increase in the pension amount. These examinations were per-
formed by a board of physicians appointed by the Bureau of Pensions. The
physicians would assess the veteran’s general health (as well as diagnose
any speciﬁc impairment) and record the symptoms. The majority of these
exams occurred between 1885 and 1920 (Linares 2001).
The conditions in this dataset are classiﬁed by disability groups. Those
groups include cardiovascular, ear, eye, gastrointestinal, genito-urinary,
respiratory, musculoskeletal, and liver/spleen/gallbladder conditions, as
well as infectious diseases and fevers, injuries, neoplasms/tumors, nervous
disorders, disorders of the rectum/hemorrhoids, varicose veins, hernias,
and general appearance (conditions involving mainly blood, nutrition, and
skin, gum, teeth, and muscles). Speciﬁcally, the musculoskeletal group is
deﬁned by any one of the following conditions: rheumatism, sciatica, and
spinal curvature. In this study we examine the rheumatism variable among
these three conditions, since it generally describes arthritis cases by speci-
fying the part of the body in which inﬂammation of the joint or muscle was
detected.8
To compare the Union Army prevalence rates with recent ones, we use
the National Health and Nutrition Examination Survey (NHANES) con-
ducted by the National Center of Health Statistics (NCHS). This survey
includes data on the health status of U.S. residents as well as a number of
demographic and socioeconomic variables. There are four phases of the
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8. The sciatica variable is identiﬁed when the claimant had pain or tenderness of the sciatic
nerve. The spinal curvature variable conveys information about the location of kyphosys, sco-
liosis, or lordosis.NHANES that have been released so far: NHANES I was conducted from
1971 to 1975, NHANES II from 1976 to 1980, NHANES III from 1988 to
1994, and NHANES IV from 1999 to 2000.
Finally, the other data source used to calculate current prevalence rates
comes from the National Health Interview Survey (NHIS). The NHIS is a
multipurpose health survey also conducted by the NCHS and is the princi-
pal source of information on the health of the civilian, noninstitutionalized
household population of the United States. The NHIS has been conducted
annually since its beginning in 1957 and public use data is released on an an-
nual basis. The NHIS questionnaire items are revised every ten to ﬁfteen
years, with the last major revisions having occurred in 1982 and in 1997.
In these two surveys one of the health conditions the individuals are
asked about is arthritis. However, except in the last two NHANES, the type
of arthritis is not speciﬁed.
Although the NHIS has been conducted since 1957, suitable data on
arthritis are available only since 1990. The variables referring to the health
status of the population in the NHIS are self-reported. By contrast, in the
NHANES the questions referring to health conditions speciﬁcally ask,
“Has a doctor ever told you that you have...? ”
Another disadvantage of using the NHIS to study changes in prevalence
rates over time is the fact that the questionnaire has changed signiﬁcantly
over the years. Speciﬁcally, the 1997 revision has changed the question from
“did you ever have arthritis?” to “does arthritis cause any limitation?” Be-
cause of this, we only use the available years for the NHIS prior to 1997.
Since the Surgeon’s Certiﬁcates contain information only for Civil War
Union Army veterans, we limit the calculations in the NHANES and the
NHIS to adult white males in order to compare results across the diﬀerent
data sets.
Also, to make the NHANES and the NHIS samples representative of the
adult white male U.S. population, we use weighted data.
2.4 Prevalence Rates and Duration of Arthritis
By calculating prevalence rates for white males with arthritis for the
Union Army sample, as well as for the NHANES and NHIS samples, we
try to analyze how the life cycle pattern of this speciﬁc disease has changed
over time.
For each individual observation that reports an arthritic condition in
any of the datasets used, a dummy variable coded 1 was created. If no
arthritis is found, the arthritis dummy variable was coded 0. The arthritis
prevalence rate is deﬁned as the number of individuals with arthritis di-
vided by the total number of individuals at risk in a given group.
First, in ﬁgure 2.1, we graph the prevalence rates for birth cohorts 
over the years between 1873 and 1910. Then, in ﬁgure 2.2, we graph the



























































































































































































0prevalence rates for veterans of a given age at each year between 1873 and
1910.9 This second way of looking at prevalence rates helps to assess the
impact of changes in pension law and practices on the calculated rates.
Figure 2.1 shows that the rate of increase in prevalence rates was greater
before 1892 than after that year. For example, the cohort born between
1840 and 1844 had a prevalence rate below 10 percent in 1875, when it was
between ages thirty-one and thirty-ﬁve. A decade later, its prevalence rate
was double, and in 1890 was 40 percent. Finally, when the cohort was aged
sixty-one to sixty-ﬁve, its prevalence rate was over 70 percent. In other
words, the prevalence rate of this cohort increased more rapidly before
1892 than afterward. Note particularly the sharp acceleration in the preva-
lence rates between 1890 and 1892. This acceleration is very likely due to
the law of 1890, which removed the restriction that a veteran was eligible
for a pension only if his arthritis was war related. Under the law of 1890,
having arthritis, regardless of its cause, was suﬃcient to warrant admission
to the pension system.
The suspicion that administrative decisions inﬂuenced the prevalence
rates is conﬁrmed by ﬁgure 2.2. Here, the line shows the prevalence rate of
veterans between ﬁfty and ﬁfty-four years old for each year between 1873
and 1903, after which the line ends because all veterans were over age ﬁfty-
four by then. Notice that in 1875 the prevalence rates among these veter-
ans was less than 15 percent, but in 1895 the prevalence rate was over 70
percent. Since public health in the cities deteriorated badly between 1830
and 1860, one would expect the increased insults at developmental ages to
be reﬂected in higher prevalence rates at middle ages, but one would hardly
expect a ten-fold increase. Most of the increase in the prevalence rates of
veterans between ﬁfty and ﬁfty-four years old reﬂects changes in pension
policy.
How, then, should ﬁgure 2.1 be interpreted? Prevalence rates are too low
before 1890. They are biased downward most sharply before 1880, after
which the pension oﬃcials became more liberal in interpreting whether
arthritis was war related. Hence the acceleration in the arthritis rates be-
tween 1881 and 1890 is exaggerated. The further acceleration between 1890
and 1892 reﬂects the impact of the 1890 law. After 1892, the prevalence
rates appear to be unbiased by administrative decisions. Notice also that
the diﬀerence in prevalence rates by birth cohort in any given year remain
consistent and do not appear to have been aﬀected by administrative di-
rectives. At late ages, all of the cohorts show prevalence rates of arthritis
between 70 and 80 percent. These extremely high prevalence rates at the
end of the nineteenth century suggest poor environmental, socioeconomic,
and health conditions during this period.
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9. We choose to graph only one birth cohort and only one age group, since the behavior of
all of them is very similar. The birth cohort and the age group chosen are the largest.To clarify this interpretation, we calculate the prevalence rates by age
group and birth cohort for the NHANES survey. Table 2.1 shows the
prevalence rate by age group, as well as the average duration of arthritis in
years, for each of the ﬁrst three phases of the NHANES survey,10as well as
for these phases aggregated together. Here, the prevalence rate is generally
decreasing over time for the same age group. For example, for individuals
aged between sixty and sixty-four the prevalence for the period 1971–1975
is greater (35 percent) than the prevalence for the period 1988–1994 (29
percent). Table 2.1 shows that between 1971–1975 and 1988–1994, preva-
lence rates continued to fall at most ages. The maximum prevalence rate is
41 percent at ages seventy-ﬁve to seventy-nine in NHANES III, which is al-
most half the rate in the Union Army sample at the same age. Thus, over
the past century, prevalence rates of arthritis have decreased by about half.
We calculate the prevalence rate by cohort for each ﬁve-year age interval
when the three reported phases of the NHANES are aggregated together.
Figure 2.3 shows the line that represents the evolution of arthritis preva-
lence for the cohort born before 1920. The lines representing other cohorts
are not shown, since most recent cohorts are not numerous enough to
graph. Although the prevalence rate increases with age, the rise is modest
compared with the Union Army cohort.
The peak at age eighty in ﬁgure 2.3 is 41 percent, which again is almost
half that for the Union Army cohort.
Table 2.2 shows the prevalence rates for diﬀerent stages of the NHIS sur-
vey as well as for all these stages aggregated. Even when the prevalence rate
increases with age, the level of the prevalence rates in this case is lower than
for the NHANES. Self-reporting seems to undercount the prevalence of
arthritis. It might be that with over-the-counter painkillers widely avail-
able, people do not feel as if they have arthritis. This undercounting is pres-
ent across all age groups. Consequently, the NHANES is a more appropri-
ate dataset to work with.
The results suggest that aging was and continues to be a very important
factor in the prevalence of arthritis in an individual’s life. However, when
observing the life cycle evolution, the pronounced increase in the preva-
lence of arthritis with age during the late nineteenth century moderated
during the twentieth century, as reﬂected in the NHANES and NHIS data.
A more interesting question that is possible to analyze only with the
Union Army data is the average number of years a person lives after ﬁrst
being diagnosed with the disease. Table 2.3 shows the average number of
years lived with arthritis by age groups for the Union Army veterans. For
people diagnosed with the disease at earlier ages, its duration was greater
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10. The data released for NHANES IV contain very few observations, and thus we ob-





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.than if the diagnosis occurred later in life. For example, people diagnosed
with arthritis when they were between ﬁfty and ﬁfty-four years lived with
the disease for another twenty years, while people ﬁrst diagnosed when
they were seventy to seventy-four years old had arthritis for almost ten
years. It follows that people who got arthritis later in life had a longer lifes-
pan than those who developed it earlier.11
In order to obtain a more reliable evaluation of the eﬀect of arthritis on
longevity, it is necessary to run a set of regressions analyzing the impact of
various diseases and socioeconomic factors.
Table 2.1 has data on the duration of the disease for the NHANES sur-
vey.12 Here, the average duration is deﬁned as the number of years a person
had lived with arthritis at the time of the interview. However, this duration
is deﬁned diﬀerently from the one reported for the Union Army in table 2.3.
Table 2.1 shows that duration increases with age. But increase in dura-
tion is less than the increase in age. For example, for NHANES I, people
aged sixty to sixty-four had had arthritis for almost twelve years on aver-
age when interviewed, and people aged sixty-ﬁve to sixty-nine had had
arthritis an average of approximately thirteen years. Thus, people aged
sixty-ﬁve to sixty-nine had had arthritis only one more year than people
aged sixty to sixty-four, despite the fact that they were ﬁve years older. This
means that an increasing number of people get arthritis later in life. This is
another fact that suggests that the age-speciﬁc and the birth-cohort longi-
tudinal increase in prevalence rates of arthritis is less in the NHANES than
in the Union Army.
Table 2.4 shows the average number of years Union Army veterans had
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11. We consider arthritis a chronic condition, so once diagnosed, the disease will be pres-
ent all the remaining years of life.
12. In the NHIS no similar data is available on the duration of arthritis.
Table 2.3 Years lived with arthritis among Union Army veterans
Years lived with Arthritis after ﬁrst diagnosis
Age group N Mean Std. dev. Minimum Maximum
Less than 50 4,088 24.320 10.561 1.000 58.000
50 to 54 2,644 19.531 9.028 1.000 42.000
55 to 59 2,044 16.410 8.356 1.000 39.000
60 to 64 1,484 13.501 7.592 1.000 37.000
65 to 69 711 11.274 6.766 1.000 30.000
70 to 74 243 9.531 6.461 1.000 27.000
75 to 79 59 6.305 4.477 1.000 20.000
80 to 84 16 5.313 5.606 1.000 20.000
85 to 89 5 4.600 3.578 1.000 9.000
Source: Authors’ calculations from Surgeon’s Certiﬁcates.
Note: Recruits are divided into ﬁve-year age groups according to their age at the ﬁrst diagno-
sis of arthritis.lived with arthritis in 1895. Even though this is a lower-bound estimate of
the duration of arthritis in the Union Army (because it is possible that vet-
erans had the disease even before applying for a pension), this table is com-
parable with table 2.1. Duration of the condition increases with age, but it
is lower than in the NHANES sample for all age groups.
2.5 What Aﬀects the Probability of Having Arthritis?
We have demonstrated that the current prevalence rate of arthritis is
lower than in the late nineteenth century and beginning of the twentieth
century. The question to be answered now is what is the possibility that
prevalence rates will continue to decline.
To assess whether this trend is continuing, we run some logistic regres-
sions trying to identify the factors inﬂuencing the odds of having arthritis.
To do so, we estimate the eﬀect of diﬀerent health and socioeconomic vari-
ables on the probability of being diagnosed with arthritis, using the data
from the Union Army records described before.
First, we construct as a dependent variable a dummy that takes the value
1 if the veteran had arthritis at some point in his life and 0 if he never had
been diagnosed with the disease.
As independent variables we include the number of disabilities the vet-
eran had during his life, the age at the ﬁrst physical exam for the pension
application process, the BMI at that exam,13 the number of battles the vet-
eran participated in, and the number of years enlisted in the army. We also
include some socioeconomic factors that could be related to this disease.
Some of these factors aﬀecting the probability of having arthritis could be
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13. We group the BMIs in four categories: underweight (BMI less or equal to twenty), nor-
mal (between twenty and twenty-ﬁve), overweight (between twenty-ﬁve and thirty) and obese
(more than thirty).
Table 2.4 Duration of arthritis by age among Union Army veterans, 1895
Duration of arthritis in years
Age group N Mean Std. dev. Minimum Maximum
Less than 50 4,088 5.599 3.782 1.000 32.000
50 to 54 17,312 6.512 5.077 1.000 32.000
55 to 59 12,719 7.128 5.095 1.000 32.000
60 to 64 7,349 7.438 5.150 1.000 32.000
65 to 69 4,672 8.332 5.661 1.000 32.000
70 to 74 2,423 9.304 6.288 1.000 32.000
75 to 79 1,360 11.835 7.515 1.000 32.000
80 to 84 87 11.667 5.724 3.000 26.000
85 to 89 24 11.250 6.771 4.000 24.000
Source: Authors’ calculations from Surgeon’s Certiﬁcates.the number of inhabitants in the place where the individual lives, marital
status, level of income, and occupation.
We construct dummy variables for veterans’ residence and birth places.
We group the United States into four regions: Northeast, Midwest, West,
and South.14 Using these regions, we create a set of ﬁve dummies for being
resident at enlistment in any of them or outside these regions, either un-
speciﬁed or outside the United States. We also classify the place of birth,
using six dummies indicating whether the veteran had been born in one of
the four regions of the United States, in an unspeciﬁed place, or outside the
United States (i.e., this indicates whether the veteran was an immigrant).
We create a set of dummies reﬂecting the veteran’s occupation at enlist-
ment by dividing the diﬀerent occupations into ﬁve categories: farmers,
professionals, artisans, manual laborers, and all other occupations. Also,
another variable included is a dummy taking the value 1 if the veteran was
ever married, and zero otherwise.
For data from the 1900 census, we construct a similar set of dummies re-
ﬂecting the veteran’s place of residence and occupation in 1900 as well as
two dummy variables to capture any change in place of residence or occu-
pation since time of enlistment. However, none of these variables had a sig-
niﬁcant eﬀect when included in the regression analysis.
A weakness of this dataset is that it contains no information on educa-
tion and scarce information on personal wealth. Even when some data de-
scribing wealth is included in the estimation, the number of observations is
too small and thus not statistically signiﬁcant.
Table 2.5 shows the summary statistics of the variables included in the lo-
gistic regression. The results of the logistic regression are shown in table 2.6.
These results suggest that older people had a greater probability of hav-
ing arthritis; age increased the probability of getting the disease at a de-
creasing rate. This is corroborated by the positive coeﬃcient on the total
number of disabilities over life. A person with a greater number of disabil-
ities generally was older and the probability of having arthritis increased.
Those veterans who were enlisted for a longer period of time had a
lower probability of getting arthritis. Those men who were in the army for
a longer period were probably healthier, since those who were sick would
have had to leave the army. Those that resided in the Northeast, were man-
ual laborers, or had higher BMIs had a greater probability of developing
the disease. This suggests that residing in more populated places could
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14. These are the regions used by the Bureau of the Census. The Northeast comprises: Con-
necticut, Massachusetts, Vermont, New Hampshire, Rhode Island, Maine, New Jersey, New
York, and Pennsylvania. The Midwest comprises: North Dakota, South Dakota, Nebraska,
Kansas, Missouri, Iowa, Minnesota, Wisconsin, Illinois, Indiana, Michigan, and Ohio. The
South comprises: Oklahoma, Texas, Arkansas, Louisiana, Mississippi, Alabama, Tennessee,
Kentucky, Florida, Georgia, South Carolina, North Carolina, Virginia, West Virginia, Dis-
trict of Columbia, Maryland, and Delaware. The West comprises: Washington, Oregon, 
California, Arizona, Nevada, Idaho, Montana, Wyoming, Utah, Colorado, New Mexico,
Hawaii, and Alaska.have a positive eﬀect on the odds of contracting this disease. Those vet-
erans who were residents of less populated areas had a lower expected
chance of getting the disease than those living in densely populated areas.
At that time, rapid urbanization, especially in the Northeast, made cities
a less healthy environment due to overcrowding, the absence of sewage
systems, no water ﬁltration, and other poor sanitary conditions. However,
since the coeﬃcient for those residing in the South is also positive and sig-
niﬁcant, we may be in the presence of a weather eﬀect at the same time.
Even though the relationship between weather and arthritis is still not
proved, it is well known that under some weather conditions the pain is
more severe.
Nutrition, as predicted by the theory of technophysio evolution, seems
to have had a large impact on the odds of the disease during the post-Civil
War period. Those with higher BMIs had a greater risk of getting arthritis,
since the excess weight could aﬀect the joints.
The fact that those veterans in nonfarming occupations had a greater
probability of being diagnosed with arthritis suggests that the physical
characteristics needed to perform certain jobs had a signiﬁcant eﬀect on
this disease.
The logistic analysis shows that aging has a very important eﬀect on this
disease.
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Table 2.5 Descriptive summary statistics, Union Army veterans
Variable N Mean Std. dev. Minimum Maximum
Dummy = 1 if ever had arthritis 17,702 0.518 0.500 0.000 1.000
Age at ﬁrst exam 16,586 47.322 10.462 16.000 85.000
Total number of conditions diagnosed over life 16,574 7.055 3.538 0.000 19.000
Number of years enlisted 15,945 2.477 0.901 0.083 9.000
Dummy = 1 if BMI at ﬁrst exam
Less than 20 14,697 0.120 0.325 0.000 1.000
20–25 14,697 0.642 0.479 0.000 1.000
26–30 14,697 0.198 0.398 0.000 1.000
More than 30 14,697 0.041 0.198 0.000 1.000
Dummy = 1 if place of residence at enlistment
Northeast 17,339 0.295 0.456 0.000 1.000
Midwest 17,339 0.568 0.495 0.000 1.000
South 17,339 0.084 0.277 0.000 1.000
West 17,339 0.047 0.212 0.000 1.000
Not in U.S. or unspeciﬁed 17,339 0.006 0.078 0.000 1.000
Dummy = 1 if occupation at enlistment
Farmer 17,476 0.562 0.496 0.000 1.000
Professional 17,476 0.065 0.247 0.000 1.000
Artisan 17,476 0.191 0.393 0.000 1.000
Manual laborer 17,476 0.130 0.337 0.000 1.000
Other 17,476 0.051 0.220 0.000 1.000
Source: Authors’ calculations from Surgeon’s Certiﬁcates and Union Army records.Table 2.6 Logit model, Union Army veterans
Constant –5.118
(0.433)***
Total number of conditions diagnosed over life 0.119
(0.005)***
Age at ﬁrst exam 0.153
(0.017)***
Age at ﬁrst exam square –0.001
(0.0002)***
Number of years enlisted –0.130
(0.02)***








Not in U.S. or unspeciﬁed 0.257
(0.216)










Dummy = 1 if BMI at ﬁrst exam









Notes: The dependent variable is a dummy indicating whether the veteran ever had arthritis.
Between brackets the standard error for each coefﬁcient is shown. Information comes from
surgeon’s certiﬁcates and Union Army records.
*** Signiﬁcant at the 1 percent level.
** Signiﬁcant at the 5 percent level.
* Signiﬁcant at the 10 percent level.At the beginning of the twentieth century, residing in a less healthy 
environment, such as the overpopulated cities of that time, had a greater im-
pact on the diagnosis of arthritis. So it is very likely that the decline of the
prevalence rates over time is related to the improvements in sanitary condi-
tions. Also, improvements in occupational conditions could have been in
part responsible for the decline of arthritis prevalence rates. Finally, it seems
that obesity and malnutrinition are two problems that cannot be ignored
when trying to reduce the prevalence rate of this particular disease.
2.6 Conclusions
Disability caused by arthritis has decreased over time when extending
the time horizon further than the beginning of twentieth century. One pos-
sible explanation is based on the progress of medicine during the century.
This has brought many new forms of treatment for arthritis that have
aﬀected the severity of this condition since the late nineteenth century.
Moreover, contemporary prevalence rates are lower than in the late
nineteenth century, reﬂecting changes in public health, lifestyle, and the
distribution of occupations.
The tremendous change in public health infrastructure (improvements
in the water supply, better sewage systems, cleaning of the milk supply) has
reduced the probability of developing arthritis at later ages by reducing in-
sults during earlier years of life. Also, for those people who have it, arthri-
tis is less severe now, partly because of many interventions that were not
available in the late nineteenth century. Finally, the accomplishment’s of
modern medicine has led to the alleviation of the severity of the condition,
both through drugs and by advocating changes in lifestyle.
The aging process is critical for this condition, and is one of the main
reasons that older people suﬀer more from this disease. Over the life cycle
of each individual, arthritis prevalence is increasing at any point in time.
The results obtained conﬁrm the fact that, historically, older men had a
worse health status than they have today.15 Age-speciﬁc prevalence rates
are declining, and the average age of onset is eleven years later; moreover,
the contemporary proportion of males who ever get arthritis is substan-
tially lower than the historical record.
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